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@ Laser scanning optical system using axicon. 

@ A laser scanning optical system is so ar- 
ranged to comprise an optical converting unit, 
an optical scanning unit, and an optical con- 
verging unit Here, the optical converting unit is 
composed of two axicon prisms which are ar- 
ranged such that apexes thereof are opposed 
fonvard or backward to each other at a pre- 
detennined distance and optical axes thereof 
are coincident with each other and which are 
made of respective materials having a same 
refractive index and shaped with a same apical 
angle. By this, the laser beam incklent into the 
optical converting unit becomes a cylindrical 
ray bundle having an annular cross-sectional 
intensity perpendicular to the optical axis. 
Therefore, the cylindrteal ray bundle is changed 
in the traveling direction by the optical scan- 
ning unit to be scanned and is then converged 
by the optical converging unit to become a 
Bessel beam having a high energy utaizatk>n 
factor, a high resolution and a long focal depth. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a laser scanning 
optical system and a laser scaning optical apparatus 
for performing scanning of laser beam, used in vari- 
ous fields, for example In biology, in medicine and in 
semiconductor engineerings, as a fluorescence mi- 
croscope, an optical writing apparatus and an 10 re- 
pair apparatus. 

Related Background Art 

If an ordinary fluorescence microscope is used to 
observe a sample having a three-dimensional thick- 
ness, defocused images outside the depth of focus 
are superimposed on an image formed on the focal 
plane. This globally lowers the contrast of microscop- 
ic image, which makes determlnatton of fluorescence 
intensity difficult Approaches to deal with this prob- 
lem will be described in the following. 

For example, in a conventional confocai laser 
scanning fluorescence microscope, a laser beam 
emitted from a laser is expanded in diameter of ray 
bundle by a beam expander and thereafter passes 
through a dichroic minror. The laser oscillates the las- 
er beam at a wavelength corresponding to a peak wa- 
velength In an absorption spectrum of a fluorescent 
dye used In labeling of a sample. The beam expander 
is composed of two convex tenses. The dichroic mir- 
ror is so formed as to have a high reflectivity for opt- 
ical components in a predetermined wavelength 
range including a fluorescence emitted from the flu- 
orescent dye and a high transmittance for the osdl- 
tation wavelength of laser beam. 

The laser beam bent In the direction perpendicu- 
lar to the optical axis by an X-Y scanner is focused by 
an imaging lens to form an optical spot on a front Im- 
age plane of an objective lens, and thereafter the ob- 
jective lens converges the optical spot to the diffrac- 
tion limit to form a converged optical spot inside the 
sample. The X-Y scanner changes the traveling direc- 
tion of laser beam within a predetemnined angular 
range to scan In two orthogonal directions on a plane. 
Further, the objective lens or a stage on which the 
sample is set moves in parallel with the optical axis. 
Thus, the optical spot of the laser beam three- 
dimensionally scans the inside of sample by the par- 
allel scanning to the optical axis in addition to the two- 
dimensional scanning perpendicular to the optical 
axis, such as the raster scanning. The sample is for 
example an organism sample labeled with a fluores- 
cent dye, which is excited by the optical spot of the 
laser beam. 

A fluorescence diverging out of the sample is col- 
lected by the objective lens and thereafter advances 
backward through the optical path, through which the 



laser beam has passed. The fluorescence outgoing 
from the X-Y scanner Is reflected by the dichroic mir- 
ror in the direction perpendicular to the optical axis 
and thereafter is focused by a collimator lens to form 

5 an image thereof in a pinhole in a confocai pinhole 
plate. The fluorescence outgoing from the confocai 
pinhole plate is separated from fluorescence compo- 
nents emitted from positions before and after the opt- 
ical spot inside the sample and Is received by a PMT 

10 (Photo Multiplier Tube). 

The PMT photoelectrically converts the fluores- 
cence into an electric signal corresponding to the light 
intensity thereof and outputs it The electric signal 
output from the PMT Is stored as image data in a 

15 memory in an Image reading apparatus In synchron- 
ization with a scanning signal of the X-Y scanner. A 
three-dimenstonal microscopic image of the sample 
is obtained by processing the image data in corre- 
spondence with the scanning signal by ordinary pro- 

20 cedura. 

The conventional oonfbcal laser scanning fluor- 
escence microscope as described above employs 
such an arrangement that ideally a point light source 
and a point photodetector are located at positions 

25 conjugate with a point inside the sample whereby the 
laser beam forms an optical spot having a reduced fo- 
cal depth. Also, the pinhole is located on the photo- 
detector side so as to remove the fluorescence conv 
ponents emitted from positions before and after the 

30 optical spot inside the sample. This can eliminate al- 
nx)st all defocused images except for an image on the 
focal plane. Accordingly, only the Image near the focal 
plane inside the sample Is obtained as a microscopic 
image. 

35 The prior art on such a confocai laser scanning 
fluorescence microscope is described in detail for ex- 
ample in "Japanese Laid-open Patent Application No. 
2-247605". 

Also, a conventional two-photon absorption excl- 

40 tation type laser scanning fluorescence microscope 
employs a laser oscillating a laser beam as a pulse 
having a very short time duration, in which the laser 
beam forms an optical spot having a high energy den- 
sity and the optical spot three-dinnensionally scans 

45 the inside of a sample in the same manner as in the 
confocai laser scanning fluorescence microscope as 
described previously. Because of the arrangement, a 
fluorescence due to excitation based on two-photon 
absorption appears only from a point where the optn 

50 cal spot is located inside the sample but no fluores- 
cence due to excitation based on two- photon absorp- 
tion appears from other portions. Therefore, there ap- 
pears no defocused image other than one on the focal 
plane, which improves the contrast of microscopic im- 

55 age. 

The prior art on such a two-photon absorption ex- 
citation type laser scanning fluorescence microscope 
is described in detail for example in references "Sci- 
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ence. vol. 248, pp. 73-76. 6 April. 1990" and "United 
States Patent no. 5034613. 1991". 

Further, a conventional general laser scanning 
fluorescence microscopes employ an axicon prism 
replacing the objective lens, by which laser beams in- 
terfere with each other on the optical axis to be con- 
verted into a bundle of rays having a focal depth as 
long as the thickness of sample, i.e., into a so-called 
Bessel beam and through which the Bessel beam 
three-dimensionally scans the Inside of sample in the 
same manner as in the confocal laser scanning fluor- 
escence microscope as described previously. There- 
fore, an image within the focal depth will never be un- 
focused, thus obtaining a microscopic image as two- 
dimensional projection of a three-dimensional Image. 
In another anangement a laser beam is guided 
through an aperture having an annular opening to be 
shaped In a cylindrical bundle of rays to enter an ot>- 
jective lens, the laser beam fornis a Bessel beam hav- 
ing a depth of focus as long as the thickness of sam- 
ple, and then the Bessel beam three-dimensionally 
scans the inside of sample in the same manner as in 
the confbcal laser scanning fluorescence microscope 
as described prevtously. Thus, an Image within the fo- 
cal depth will never be unfocused, obtaining a micro- 
scopic image as two-dimensional projection of a 
three-dimensional Image. 

A conventional optical converting unit for produc- 
ing a Bessel beam Is so arranged that an aperture 
having an annular opening portion Is set on the front 
focal plane of a convex lens. If a laser beam passes 
as a beam of parallel rays through the opening portion 
in the aperture, a diffracted light Is produced as a 
bundle of rays having an annular cross-sectional In- 
tensity distribution peqaendicular to the optical axis. 
The diffraction light having passed through the con- 
vex lens advances as a plane wave refracted at a con- 
stant angle relative to the optical axis and thereafter 
fonns a conical wavefront In axial symmetry with re- 
spect to the optical axis at the rear focus of the convex 
lens. Thus, beams of the diffracted light mutually In- 
terfere in the entire region where the wavef ront exists 
near the optical axis, so that a Bessel beam Is pro- 
duced with an Intensity enhanced by constructive in- 
terference. 

In an Intensity distribution of the Bessel beam In 
a cross section perpendicular to the optical axis, a 
thin linear center beam with strong intensity with the 
Interference region nearthe optical axis exists almost 
constantly. On the other hand, concentric cylindrical 
higher-order diffraction beams with small Intensity 
are present at positions away from the optical axis. It 
is thus understood that the Bessel beam has a high 
resolution and a long focal depth. 

The prior art on such an annular Illumination opt- 
ical system using the aperture in the laser scanning 
fluorescence microscope is described in detail for ex- 
ample In reference "Optics, vol. 21, no. 7, pp. 489- 



497, July 1 992". Also, the prior art on production of the 
Bessel beam by the axicon prism is described in detail 
for example in reference "l^ser Microscope Re- 
search Group, the tenth lecture papers, pp. 22-29, 

5 November 1992". Further, the prior art on the annular 
illumination optical system using the axicon prism Is 
described in detail for example in "United States Pa- 
tent, no. 4887592, 1989". 

However, the conventional confocal laser scan- 

10 ning fluorescence microscope as described above 
shields the fluorescence components emitted from 
positions before and after the optical spot inside the 
sample by locating a pinhole on the photodetector 
side. This extremely lowers the reception efficiency 

15 of fluorescence in the photodetector, which results in 
a problem of further reducing the intensity of original- 
ly weak fluorescence. 

Also, In case of the above two-photon absorptton 
excitation type laser scanning fluorescence micro- 

20 scope as described above, the fluorescence appears 
only from an optical spot inskJe the sample and there- 
fore in order to obtain a three-dimensional microscop- 
ic image, the optical spot is scanned in parallel with 
the optical axis inside the sample In additton to the 

25 two-dimensional scanning perpendicular to the opti- 
cal axis. This requires a long time as the scanning 
time of optical spot In this time a sample of organism 
having activity could move, resulting In falling to ob- 
tain a correct three-dimensional microscopic Image. 

30 In addition, there is a problem that a discoloration 
state or an exhaustion state of fluorescent dye be- 
comes locally different 

Further, the conventional general laser scanning 
fluorescence microscopes as described above env 

35 ploy the axicon prism replacing the objective lens 
whereby the laser beam forms a Bessel beam having 
a focal depth as long as the thickness of sample. 
Thus, the axicon prism has no Imaging function and 
a state of convergence is not good for the bundle of 

40 rays irradiated onto the sample, which results in a 
problem that the resolution is low in the plane perpen- 
dicular to the optical axis of axicon prism. In another 
case, a laser beam Is guided through an aperture hav- 
ing an annular opening to forma bundle of rays having 

45 an annular cross section intensity perpendicular to 
the optical axis and the bundle is made incident into 
the objecth^e lens, whereby the laser beam forms a 
Bessel beam having a focal depth as long as the 
thickness of sample. Even if the laser beam has a 

50 cross-sectional intensity dlstributk>n based on an ap- 
proximately Gaussian distribution, a bundle of rays 
with peak intensity Is shielded by the disc shielding 
portion in the aperture, which causes a problem that 
the utilizatk)n factor of the laser beam irradiated onto 

55 the sample is extremely lowered. Also, the bundle of 
rays or the optical spot of the laser beam having a 
large focal depth as described above forms annular 
beams of the higher-order diffraction beams around 
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a linear beam. Thie causes a problem that when such 
a bundle of rays or the optical spot scans the Inside 
of sample, a lot of false signals are generated. 

Therefore, the present Invention has been ac- 
complished In view of the above problems and an ob- 
ject of the present Invention is to provide a laser scan- 
ning optical system and a laser scanning optical ap- 
paratus which can perform scanning of laser beam 
with a higher energy utilization factor, a higher reso- 
lution and a longer focal depth within a shorter time 
than the prior art apparatus did. 

SUMMARY OF THE INVENTION 

A laser scanning optical system of the present in- 
vention, for achieving the above object, comprises an 
optical converting unit for shaping a laser beam inci- 
dent thereinto as a beam of parallel rays into a cylin- 
drical ray bundle thereof, an optical scanning unit for 
changing a traveling direction of the laser beam Inch 
dentf rom the optical converting unit thereinto to scan, 
and an optical converging unit for converging the las- 
er beam incident from the optical scanning unit there- 
into to produce a Bessel beam, wherein the optical 
converting unit is composed of two axicon prisms 
which are arranged such that apexes thereof are op- 
posed forward or backward to each other at a prede- 
termined distance and optical axes thereof are coin- 
cident with each other and which are made of respec- 
tive materials having a same refractive Index and 
shaped with a same apical angle. 

Here, the laser scanning optical system may 
have such a feature that the optical converting unit 
further has moving means for variably setting a dis- 
tance between the two axicon prisms. 

Also, the laser scanning optical system may have 
such a feature that it further comprises a beam ex- 
pander disposed either on the entrance side or on the 
exit side of the optical converting unit, for expanding 
a diameter of the ray bundle of laser beam. 

Futther, the laser scanning optical system may 
have such a feature that it further comprises a beam 
reducer disposed either on the entrance side or on the 
exit side of the optical converting unit, for reducing a 
diameter of the ray bundle of laser beam. 

Furthermore, a laser scanning optical apparatus 
of the present invention, for achieving the above ob- 
ject, comprises a light source for emitting a laser 
beam, an optical converting unit for shaping the laser 
beam incident from the light source thereinto as a 
beam of parallel rays into a cylindrical ray bundle 
thereof, an optical scanning unit for changing a trav- 
eling direction of the laser beam inddentf romthe opt- 
ical converting unit thereinto to scan, and an optical 
converging unit for converging the laser beam inci- 
dent from the optical scanning unit thereinto to irradi- 
ate a Bessel beam onto a predetermined sample, 
wherein the optical converting unit Is composed of 



two axicon prisms which are arranged such that 
apexes thereof are opposed forward or backward to 
each other at a predetermined distance and optical 
axes thereof are coincident with each other and which 

5 are made of respective materials having a same re- 
fracth^e Index and shaped with a same apical angle. 

Here, the laser scanning optical apparatus may 
have such a feature that the light source oscillates the 
laser beam as a pulse having a very short time dura- 

10 tton, the sample is labeled with a predetermined flu- 
orescent dye, the apparatus further comprises an 
optical detecting unit for detecting fluorescence emit- 
ted from the sample based on multiphoton absorption 
with irradiation of the Bessel beam, and output slg- 

15 nals from the optical detecting unit are stored as pixel 
data in synchronization with scanning of the laser 
beam to obtain a microscopic image of the sample. 

in this case, it is preferred that the optical detect- 
ing unit comprises a first photoelectric detector for de- 

20 tecting the fluorescence emitted from a surface side 
of the sample and a second photoelectric detector for 
detecting the fluorescence emitted from a back side 
of the sample and that the microscopic Image is pro- 
duced based on addition of output signals from the 

25 first and second photoelectric detectors. 

Also, the laser scanning optical apparatus may 
have such a feature that a surface of the sample is 
coated with a predetemnlned photosensitive agent 
and a predetennlned pattern Is formed on the photo- 

30 sensitive agent based on exposure with irradiatton of 
the Bessel beam. 

Further, the laser scanning optical apparatus 
may have such a feature that a surface of the sample 
Is exposed to the outside and a surface regton of the 

35 sample is shaped into a predetermined shape, based 
on excitation with irradiation of the Bessel beam. 

In the laser scanning optical system of the pres- 
ent Invention, the optical converting unit Is composed 
of two axicon prisnts. These axicon prisms are so ar- 

40 ranged that their apexes are opposed forward or 
backward to each other at a predetermined distance 
and their optical axes are coincident with each other, 
and are made of respective materials having a same 
index of refraction and shaped with a same apical an- 

45 gle. 

By this anrangement, the laser beam incident as 
a beam of parallel rays into the optical converting unit 
is refracted at an equal angle relath^e to the optical 
axis by one axicon prism to form a conical wavef ront 

50 and thereafter becomes a divergent bundle of rays 
having an annular cross-sectional intensity perpen- 
dicular to the optical axis. A laser beam emergent 
from this axicon prism is refracted at an equal angle 
relative to the optical axis by the other axicon prism 

55 to become a cylindrical bundle of rays as parallel 
beams with the traveling direction being parallel to 
the optical axis. 

The laser beam thus emerging from the optical 
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converting unit Is changed in the traveling direction by 
the optical scanning unit to scan and is converged by 
the optical converging unit to become a Bessel beam. 
Adiffraction beam intensity distribution of the Bessel 
beam includes a very thin linear center beam having 
a strong intensity in the axial direction and numerous 
concentric cylindrical higher-order diffraction beams 
present around the center beam. Since the center 
beam has an extremely strong intensity as compared 
with those of the higher-order diffraction beams, the 
Bessel beam has a high resolution and a long focal 
depth. 

Accordingly, the laser scanning optical system of 
the present invention can form the cylindrical bundle 
of rays without losing the intensity of the laser beam, 
so that the scanning of Bessel beam can be carried 
out with a high energy utilization factor. 

For example, in case the optical converting unit 
further has the moving means for variably setting the 
distance between the two axicon prisms, the outer di- 
ameter of the cylindrical ray bundle outgoing from the 
optical converting unit can be determined based on 
the distance between the two axicon prisms. Since 
the annularzone width, which is adiffBrenoe between 
the outer diameter and the inner diameter of the cyl- 
indrical ray bundle, is constant based on the diameter 
of ray bundle of the laser beam Incident into the en- 
trance-side axicon prism, a ratio of the inner diameter 
to the outer diameter of the cylindrical ray bundle con- 
tinuously changes according to the distance between 
the two axicon prisnts. This changes the diameter and 
the intensity of the center beam relative to the higher- 
order diffraction beams In the Bessel beam, which 
makes adjustment of resolution and focal depth pos- 
sible. 

If there is a beam expander or a beam reducer 
further provided on the entrance side of the optical 
converting unit, the diameter of ray bundle of the laser 
beam incident into the optical converting unit can be 
adjustable. Then the annular zone width, which is a 
difference between the outer diameter and the Inner 
diameter of the cylindrical ray bundle outgoing from 
the optical converting unit, is determined based on 
the diameter of ray bundle of the laser beam incident 
into the entrance-side axicon prism. Since the outer 
diameter of the cylindrical ray bundle is constant 
based on the distance between the two axicon 
prisms, the ratio of the inner diameter to the outer di- 
ameter of the cylindrical ray bundle continuously 
changes In correspondence with the beam expander 
or beam reducer. Then the diameter and the intensity 
of the center beam changes with respect to the high- 
er-order diffraction beams in the Bessel beam, which 
makes adjustment of resolution and focal depth pos- 
sible. 

Also, if there is a beam expander or a beam re- 
ducer further provided on the exit side of the optical 
converg ing unit, the outer diameter of a cylindrical ray 



bundle outgoing from the optical converting unit Is so 
adjusted as to coincide with the aperture diameter of 
the optical converging unit This causes little edipse 
of the laser beam. That is, the energy utilization factor 

5 of laser beam is inaeased, so that a Bessel beam with 
high energy density can be produced. 

In the laser scanning optical apparatus of the 
present Invention a laser beam emitted from a light 
source is irradiated onto a predetermined sample 

10 through the laser scanning optical system of the pres- 
ent inventton. By this arrangement, the sample is sut>- 
jected to scanning with a Besset beam having a high 
energy density, a high resolution and a long focal 
depth. 

15 For example. In case that the light source oscil- 
lates a laser beam of very-short-time-duration pulse, 
that the sample is labeled with a predetermined flu- 
orescent dye, and that the apparatus further compris- 
es an optical detecting unltfordetecting fluorescence 

20 emitted from the sample based on multlphoton ab- 
sorption with irradiation of the Bessel beam, the opt- 
ical detecting unit receives fluorescence from the flu- 
orescent dye as excited at a wavelength correspond- 
ing to a f ractton of the oscillating wavelength of the 

25 laser beam. The multiphoton absorptk>n occurs only 
in portions where the energy level of laser beam ex- 
ceeds a predetermined value. Then, If the output of 
the laser beam is adjusted such that the multiphoton 
absorptton is not caused by the higher-order diff rao- 

30 tlon beams accompanying the center beam in the 
Bessel beam, fluorescence will appear only from a 
position bradiated by the center beam In the Bessel 
beam within the sample. This can prevent false sig- 
nals from being produced by the accompanying high- 

36 er-order diffraction beams in the Bessel beam, which 
can enhance the resolution of a microscopic image of 
the sample as obtained by storing as pixel data output 
signals from the opttoal detecting unit in synchroniza- 
tion with the scanning with the laser beam. 

40 Two-dimensional scanning is carried out inside 
the sample with the Bessel beam having the linearly 
fonmed center beam, so that a microscopic image is 
obtained as two-dimensional projection of a three- 
dimensional image of the sample in the form of inte- 

45 grai values In the thickness direction. This can obviate 
three-dimensional scanning inside the sample, which 
can greatly reduce the scanning time of optical spot 
Further, if the optical detecting unit is composed 
of a f iret photoelectric detector for detecting f luores- 

50 cence emitted from the surface side of the sample 
and a second photoelectric detector for detecting flu- 
orescence emitted from the back side of the sample, 
the fluorescence emitted from the sample can reach 
the respective photoelectric detectore without any 

55 toss. This can improve the contrast in the microscopic 
image as produced based on addition of output sig- 
nals from the photoelectric detectore. Therefore, a 
low-power laser can be used as the light source for 
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emitting the laser beam, which can reduce a damage 
on an organism sample or another sample. 

In case the surface of sampie is coated with a pre- 
determined photosensitive agent and a selected pat- 
tern Is fonned on the photosensitive agent, based on 
exposure with Inadiation of the Bessel beam, expos- 
ure can be well done for the photosensitive agent on 
the substrate irrespective of unevenness of the sur- 
face of substrate. This can obviate precise alignment 
of the position of optical spot of the laser beam with 
respect to the photosensitive agent, improving the ef- 
ficiency of operation. Since the Bessel beam has a 
high resolution, it can be applied to exposure of an in- 
tegrated circuit pattern on a photosensith^e agent on 
a substrate, whereby the degree of Integration can be 
Increased for Integrated circuits formed based on this 
pattern. 

Further, in case the surface of sample Is exposed 
to the outside and a surface region of sample is shap- 
ed In a predetermined shape based on excitation with 
irradiation of the Bessel beam, the surface region of 
substrate can be etched without being affected by un- 
evenness of itself, because the Bessel beam has a 
long focal depth. This can obviate precise alignment 
of the position of optical spot of laser beam with re- 
spect to the substrate, which improves the efficiency 
of operation. Since the Bessel beam has a high reso- 
lution and If the sample is an IC chip having Integrated 
circuits on its surface region, a structurally fine de- 
fect occurring in the integrated circuits can be re- 
paired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a structural drawing to show a first em- 
bodiment associated with a fluorescence microscope 
using a laser scanning optical system of the present 
invention. 

Fig. 2 is a structural drawing to show an axioon 
pair in the fluorescence microscope of Fig. 1 in more 
detail. 

Fig. 3 is a perspective view to show the structure 
of axicon prisms in the axicon pair of Fig. 2. 

Rg. 4 is composed of a graph to show an intensity 
distribution In a plane perpendicular to the direction of 
the optical axis as to a laser beam incident into the ax- 
icon pair of Fig. 2, a structural drawing to show a case 
in which a distance between the two axicon prisms in 
the axioon pair of Fig. 2 is variably set, and a graph 
to show an Intensity distribution in a plane perpendic- 
ular to the direction of the optical axis as to a laser 
beam outgoing from the axicon pair of Fig. 2. 

Fig. 5 Is a graph to show a change of Intensity dis- 
tribution of Bessel beam in a plane perpendicular to 
the optical axis with a change of the ratio of the inner 
diameter to the outer diameter of the cylindrical ray 
bundle. 

Fig. 6 is a graph to show an enlarged main portion 
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In the Intensity distribution of Fig. 5. 

Fig. 7 is a structural drawing to show a second 
embodiment associated with a fluorescence micro- 
scope using a laser scanning optical system of the 
5 present invention. 

Fig. 8 is a perspective view to show the structure 
of a laminated sensor anray In the fluorescence micro- 
scope of Fig. 7. 

Fig. 9 is a cross sectional view along the iamina- 
10 tion thickness direction of a single sensor In the lam- 
inated sensor array of Fig. 8. 

Fig. 1 0 is a structural drawing to show a third em- 
bodiment associated with a fluorescence microscope 
using a laser scanning optical system of the present 
15 Invention. 

Fig. 11 Is a structural drawing to show an embodi- 
ment associated with an optical writing apparatus us- 
ing a laser scanning optical system of the present in- 
vention. 

20 Fig. 1 2 Is a structural drawing to show an embodi- 
ment associated with a laser repair apparatus using 
a laser scanning optical system of the present inven- 
tion. 

Fig. 13 is a structural drawing to show a beam ex- 
25 pander or a beam reducer In the fluorescence micro- 
scope of Fig. 1 1n more detail. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 

The structure and operation of emtKxJiments ac- 
cording to the present invention will be described with 
reference from Fig. 1 to Fig. 12. In the description of 
the drawings same elements will be denoted by same 

35 reference numerals and redundant description will be 
omitted. It should be also noted that the dimensions 
of the drawings do not always coincide with those In 
the description. 

Fig. 1 is a structural drawing to show a first env 

40 bodiment associated with a fluorescence microscope 
using the laser scanning optical system of the present 
Invention, in the fluorescence microscope a plane 
mirror 3 Is anranged along a traveling direction of a 
laser beam 2 emitted from a laser (light source) 1 

45 Along the traveling direction of laser beam 2 reflected 
by the plane mirror 3 in the direction perpendicular to 
the optical axis there are a beam expander 4, an ax- 
icon pair (optical converting unit) 6. a beam reducer 
9, a dichroic mirror 11a and an X-Y scanner (optical 

so scanning unit) 12 arranged approximately on a line. 
Along the traveling direction of the laser beam 2 out- 
going from the X-Y scanner 12 in the direction per- 
pendicular to the optical axis there are an imaging 
lens 13, an objective lens 14 (optical converging unit) 

55 and a sample 15 arranged approximately on a line. 
Along the traveling direction of fluorescence 16b 
emitted from the front side of the sample 1 5 there are 
a condenser lens 17. a barrierf liter 18 and a PMT 19a 
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arranged approximately on a line. On the other hand, 
there is a PMT 20a arranged along the traveling direc- 
tion of fluorescence 16a emitted from the back side 
of the sample 15 and then passing through the objec- 
th^e lens 14, the imaging lens 13 and the X-Y scanner 
1 2 further to be reflected by the dichrolc mirror 11a In 
the direction perpendicular to the optical axis. 

The laser 1 isa light source for oscillating the las- 
er beam 2 In a pulse having a very short time duration. 
The laser beam 2 is a beam of parallel rays having an 
optical pulse duration of several tan to several hun- 
dred fs, a repetitive frequency of several ten to sev- 
eral hundred MHz and a wavelength two or three 
times longer than the peak wavelength in an absorp- 
tion spectrum of a fluorescent dye for labeling the 
sample 15. The plane mirror 3 has a mirror surface In- 
clined approximately at 45 degrees relative to the 
traveling directton of laser beam 2 emitted from the 
laser 1 and the mirror surface reflects the laser beam 

2 Incident thereinto from the laser 1. 

The beam expander 4 is composed of two convex 
lenses 5a, 5b, which enlarges the ray bundle of the 
laser beam 2 incident thereinto from the plane mirror 

3 Into a bundle having a predetermined diameter. 
These convex lenses 5a, 5b are so arranged at a pre- 
determined distance that the optical axes thereof are 
coincident with each other. 

it is also prefenred that the beam expander 4 is 
further composed a concave lens 5c arranged be- 
tween two convex lenses 5a, 5b as shown In a region 
(a) of Fig. 1 3 to variably set the distance between the 
convex lens 5a and the concave lens 5c by unrepre- 
sented moving means of the concave lens 5c. In this 
arrangement the convex lenses 5a, 5b and the con- 
cave lens 5c respectively function as a focus-lag-cor- 
rection lens group, a fixed lens group and a zoom lens 
group. Therefore a magnification ratio for the diame- 
ter of ray bundle of laser beam 2 is continuously 
changeable or zoomed when the postton of the con- 
cave tens 5c is changed from a regton (b) to the region 
(a) as shown Fig. 13. 

Fig. 2 is a structural drawing to show the axicon 
pair 6 in more detail. Fig. 3 is a perepective view to 
show the configuration of an axicon prism in the axi- 
con pair 6. The axicon pair 6 is composed of two ax- 
icon prisms 7a, 7b, a motor 7c, a rotation axis 7d, a 
pinion gear 7e and a rack gear 7f. These axicon 
prisms 7a, 7b are made of respective materials having 
a same index of refraction In the shape of a circular 
cone. Also, the axicon prisms 7a, 7b are so arranged 
that the apical angles thereof having a same angle are 
opposed forward or backward to each other at a pre- 
determined distance and the optical axes thereof are 
coincident with each other. 

A distance between such axicon prisms 7a, 7b is 
variably set by unrepresented moving means. For ex- 
ample, in such a moving means the pinion gear 7c is 
set at the distal portion of the rotation axis 7d which 



transmits the drtve of the motor 7c, and the rack gear 
7e Is set at the distal portion of the axicon prism 7b. 
The gear teeth of the pinion gear 7e and the rack gear 
7f are so combined that the rotation direction of the 

5 pinion gear 7e and the moving direction of the rack 
gear 7f are arranged along a direction parallel to the 
optical axis. In this arrangement, when the motor 7c 
rotates in a predetermined direction, the axicon prism 
7b moves in the direction corresponding with the ro- 

10 tatlon direction of the motor 7c along the optical axis. 
Therefore the distance between the axicon prisms 7a, 
7b changes relatively. Here, it is also preferred that 
the structure of such a rack and pinion is respectively 
set at both of the axicon prism 7a, 7b and Issetatleast 

IS at one or the other. 

Fig. 4 Is composed of a graph to show an Intensity 
distribution in a plane perpendicular to the optical axis 
as to the laser beam 2 Incident into the axicon pair 6, 
a structural drawing to show a case In which the dis- 

20 tance between the two axicon prisms 7a, 7b Is vari- 
ably set, and a graph to show an intensity distribution 
in a plane perpendicular to the optical axis as to the 
laser beam 2 outgoing from the axicon pair 6. 
The axicon pair 6 Is so arranged that the laser 

25 beam 2 is inckient as a beam of parallel rays having 
cross-sectional Intensities based on a substantial 
Gaussian distribution perpendicular to the optical 
axis, from the beam expander 4 into the axicon prism 
7a, and that the axicon prism 7a refracts the laser 

30 beam 2 at a constant angle relative to the optical axis 
to emit a conical ray bundle having an annular cross- 
sectional intensity perpendicular to the optical axis. 
On the other hand, the axicon prism 7b refracts the 
laser beam 2 incident thereinto from the axicon prism 

35 7a at a constant angle relative to the optical axis, to 
emit a cylindrical ray bundle 8 traveling in the direc- 
tion parallel to the optical axis. The outer diameter a 
of the cylindrical ray bundle 8 Is detenmined by the dis- 
tance between the axicon prisms 7a, 7b, and the an- 

40 nular zone width, which is a difference between the 
outer diameter a and the inner diameter a', is deter- 
mined based on the diameter of ray bundle of the las- 
er beam 2 incident into the axicon prism 7a. There- 
fore, a ratio p (sKiVa) of the Inner diameter a' to the 

45 outer diameter a can be set while continuously 
changed or zoomed In correspondence with the dis- 
tance between the axicon prisms 7a, 7b. 

The beam reducer 9 is composed of two convex 
lenses 10a, 10b, which reduces the outer diameter of 

50 the laser beam 2 incident as the cyl indrical ray bundle 
8 thereinto from the axicon pair 6 so as to match with 
the aperture diameter of the objective lens 14. These 
convex lenses 10a, 10b are so anranged at a prede- 
termined distance that the optical axes thereof are co- 

55 Incident with each other. 

It Is also preferred that the beam reducer 9 is fur- 
ther composed a concave lens 1 0c arranged between 
two convex lenses 10a, 10b as shown in a region (c) 
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Of Fig. 13 to variably set the distance between the 
convex lens 10a and the concave lens 10c by unre- 
presented moving means of the concave lens 10c. In 
this arrangement, the convex lenses 1 0a, 1 0b and the 
concave lens 10c respectively function as a focus- 
lag-correctlon lens group, a f bced lens group and a 
zoom lens group. Therefore a magnification ratio for 
the diameter of ray bundle of laser beam 2 is contin- 
uously changeable or zoomed when the postlon of the 
concave lens 10c is changed from a region (b) to the 
region (c) as shown Fig. 13. 

The dichroic mirror 11a is so formed as to have a 
large transmittance for the oscillation wavelength of 
the laser beam 2 incident from the beam reducer 9 
and a large reflectivity for light components in a pre- 
determined wavelength range including the fluores- 
cence 16a incident from the X-Y scanner 12. The X- 
Y scanner 12 Is for example a galvanometer scanner, 
a resonant scanner, a piezo oscillation scanner, a ro- 
tary polygon scanner, an ultrasonic vibrator deflector 
(Acousto-Optic Deflector), etc The X-Y scanner 12 
changes the traveling direction of the laser beam 2 in- 
cident thereinto from the dichroic mirror 11a within a 
predetermined angular range to scan the beam In two 
orthogonal directions in a plane and similarly 
changes the traveling direction of fluorescence 16a 
incident thereinto from the imaging lens 13 to deflect 
it toward the dichroic mirror 11a. 

The imaging lens 1 3 focuses the laser beam 2 In- 
cident thereinto from the X-Y scanner 12 to form an 
beam spot thereof on the front image plane of the ob- 
jective lens 1 4. The fluorescence 1 6a Is focused as an 
beam spot on the rear image plane of the imaging 
tens 13 and the fluorescence 16a Incident from the 
beam spot as a virtual light source into the imaging 
lens 1 3 is emergent as a beam of parallel rays there- 
from. The objective lens 14 converges the laser beam 
2 incident as a virtual light source of an beam spot 
formed on the front image plane thereof to produce a 
Bessel beam as an beam spot converged up to the 
diffraction limit and to let the Bessel beam pass 
through the Inside of sample. The objective lens 14 
collects the fluorescence 16a emitted from the sur- 
face side of sample 15 to fonm an beam spot on the 
rear image plane of imaging lens 13. 

Here, near the rear focus of objective tens 14 the 
shape of three-dimensional intensity distribution of 
the Bessel beam changes depending upon the annu- 
lar zone width of the cyltndrical ray bundle 8. That is, 
the Bessel beam changes the intensity distribution of 
the center beam and higher-onjer diffraction beams 
in accordance with a change of ratio p (=aVa) of the 
inner diameter a' to the outer diameter a of the cylin- 
drical ray bundle 8. 

Fig. 5 is a graph to show a change of intensity dis- 
tribution of Bessel beam in a plane perpendicular to 
the optical axis with a change of the ratio of the inner 
diameter to the outer diameter of the cylindrical ray 



bundle 6. Fig. 6 Is a graph to show an enlarged main 
portion in the intensity distribution of Fig. 5. Here, the 
scale unit on the horizontal axis is shown as 2WJX 
( NA: the nemerical aperture of the objedh^e lens, X: 

5 the wavelength of the laser beam ). The scale on the 
vertical axis Is shown as normatteed based on the In- 
tensity in correspondence with the peak wavelength 
of the laser beam. 

As the ratio ^ of the inner diameter to tne outer d h 

10 ameter of the cylindrical ray bundle 8 approaches 1. 
the spot diameter of the center beam decreases while 
the intensity of higher-order diffraction beams irv 
creases relative to the center beam. Also, the shape 
of the center beam and higher-order diffraction 

IS beams becomes longer In the direction of the optical 
axis. Consequently, it is seen that If the shape of the 
cylindrical ray bundle 8 is annular with a narrower 
width, the Bessel beam Increases the focal depth and 
the resolution. 

20 The sample 15 is for example an organism sanv 
pie labeled with a predetermined fluorescent dye, 
which is located nearly at a position which is the rear 
image plane of objective tens 14 and the front image 
plane of condenser lens 1 7. The sample 1 5 Is excited 

25 to emit fluorescence 16a, 16b, based on the multipho- 
ton absorption at the position irradiated by the laser 
beam 2 incident as the Bessel beam from the objec- 
tive lens 1 4. Also, the sample 1 5 is set on an unrepre- 
sented stage and is moved along the optical axis to- 

30 gather with the stage. 

The condenser lens 17 collects the laser beam 2 
and the fluorescence 16boutgoingfromthe backside 
of sample 15 to emit them as parallel rays. The barrier 
filter 18 has a high transmittance for light compo- 

35 nents in a predetermined wavelength range including 
the fluorescence 16b emergent from the sample 15 
and a targe absorbance for the oscillation wavelength 
of the laser beam 2 emergent from the sample 15. 
The PMTs (Photo-Multiplier Tube) 19a. 20a are 

40 photoelectric detectors such as photomultipliers. The 
PMT 19a receives the fluorescence 16b outgoing 
from the barrier filter 18 and photoelectricalty con- 
verts it into an electric signal reflecting the optical in- 
tensity thereof to output the electric signal. On the 

45 other hand, the PMT 20a receives the fluorescence 
16a incident thereinto from the dichroic mirror 11a 
and photoelectricalty converts it into an electric signal 
reflecting the optical intensity thereof to output the 
electric signal. 

50 Next described is the operation of the above first 
embodiment associated with the fluorescence mlao- 
scope. 

The laser beam 2 represented by the solid line is 
emitted from the laser 1 and thereafter Is reflected by 
55 the plane mirror 3 in the direction perpendicular to the 
optical axis. The beam expander 4 expands the diam- 
eter of ray bundle of the laser beam 2 coming from the 
plane mirror 3 into a predetermined value while keep- 
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Ing the traveling direction thereof aligned with the di- 
rection of the optical axis. 

In the axicon pair 6, all the laser beam 2 outgoing 
as colli ntated plane waves from the beam expander 
4 is refracted by the axicon prism 7a at a same angle 
relative to the optical axis to tbmi a conical wavef rent 
and thereafter to become a diverging bundle of rays 
having an annular cross-sectional intensity perpen- 
dicular to the optical axis. All laser beam 2 outgoing 
from the axicon prism 7a is ref lacted by the axicon 
prism 7b at a same angle relative to the optical axis 
to become a cylindrical ray bundle 8 in the form of a 
beam of parallel rays traveling In the direction parallel 
to the optical axis. Here, the beam diameter of the cyl- 
indrical ray bundle 8 shown by the solid lines Is freely 
and continuously variable according to the distance 
between the axicon prisnts 7a, 7b, and the beam di- 
ameter is so set as to coincide with the aperture di- 
ameter of the objective lens 1 4 under the overall mag- 
nification including the pupil image magnification of 
the imaging lens 13 after having passed through the 
beam reducer 9. 

The beam reducer 9 reduces the diameter of ray 
bundle of the laser beam 2 outgoing as the cylindrical 
ray bundle 8 from the axicon pair 6 into a predeter- 
mined value while keeping the traveling direction 
thereof aligned with the direction of the optical axis. 
On this occasion the annular zone width is simultane- 
ously compressed in the annular cross section per- 
pendicular to the optical axis in the cylindrical ray bun- 
dle 8. The laser beam 2 outgoing from the beam re- 
ducer 9 passes through the dichrolc mirror 11a and 
then is made outgoing in the direction perpendicular 
to the optical axis by the X-Y scanner 12. The X-Y 
scanner 12 changes the traveling direction of the las- 
er beam 2 within a predetermined angular range to 
deflect it In two orthogonal directions in a plane. 

The laser beam 2 outgoing from the X-Y scanner 
1 2 is focused by the imaging lens 1 3 to form an beam 
spot on the front image plane of objective lens 14. It 
can be said that the beam spot is a virtual light source 
as two-dimenslonally deviated by the X-Y scanner 
1 2. The laser beam 2 outgoing as the conical ray bun- 
dle from the beam spot passes only through the per- 
ipheral portion of the objective lens 14 to be output 
therefrom and Is let to Impinge on the sample 15 as 
the Bessel beam which is an beam spot converged up 
to the diffraction limit The Bessel beam has a diffrac- 
tion beam intensity distribution composed of the very 
thin linear center beam having a large Intensity in the 
direction of the optical axis and numerous concentric 
cylindrical higher-order diffraction beams existing 
around the center beam. Also, the X-Y scanner 12 
makes the Bessel beam effect the two-dimensional 
scanning, for example the raster scanning, insMe the 
sample 1 5. 

Inside the sample 15 the so-called multiphoton 
absorption occurs only in a portion irradiated by the 



Bessel beam having an optical Intensity part exceed- 
ing a predetermined threshold. By this, the labeling 
fluorescent dye in the sample 15 emits the fluores- 
cence 16a, 16b represented by the broken lines as a 

5 linear, secondary light source proportional to an 
amount of the fluorescent dye similarly as in case of 
excitation by a peak wavelength in the absorption 
spectrum corresponding to a half or one third of the 
oscillation wavelength of laser beam 2. 

10 The laser beam 2 passing through and outgoing 
from the sample 15 passes through the condenser 
lens 17 to become a beam of parallel rays traveling 
in parallel with the optical axis and thereafter to be ab- 
sorbed by the barrier filter 18. The fluorescence 16b 

IS outgoing from the back side of the sample 1 5 passes 
through the condenser lens 17 to become a beam of 
parallel rays traveling in parallel with the optical axis 
and thereafter passes through the barrier filter 18 
then to be received by the PMT 19a. On the other 

20 hand, the fluorescence 16a outgoing from the sur- 
face side of sample 1 5 travels backward in the optical 
path through which the laser beam 2 has passed 
while condensed by the objective lens 14. The fluor- 
escence 16a outgoing from the X-Y scanner 12 Is re- 

25 fleeted by the dichrote minor 11a in the direction per- 
pendicular to the opttoal axis and thereafter is re- 
ceh/ed by the PMT 20a. 

The PMTs 19a, 20a output electric signals corre- 
sponding to the optical intensities of fluorescence 

30 1 6a and fluorescence 16b, respectively, after photo- 
electric convereion, and the electric signals are add- 
ed to each other. The signal thus added is stored as 
pixel data in a memory in an unrepresented image 
reading apparatus in synchronization with a scanning 

35 signal of the X-Y scanner 12. Processing this pixel 
data in correspondence with the scanning signal by 
ordinary procedure, a microscopic image is obtained 
as two-dimensional projection of a three-dimensional 
Image of the sample 15. 

40 With the first embodiment associated with the 
fluorescence microscope as described above, the 
laser beam oscillated as a very short time duration 
pulse is converted using the two axicon prisms into 
the cylindrical ray bundle having the narrow, annular 

45 cross-sectional intensity perpendicular to the optical 
axis. By this, there is almost no loss in intensity of las- 
er beam caused in producing the cylindricai ray bun- 
dle. This can increase the energy utilizatton factor of 
laser beam and can maintain high the energy density, 

50 which contributes to the multiphoton absorptton in- 
side the sample. 

Also, the laser beam oscillated as the very short 
time duration pulse passes only through the periph- 
eral portton of objective lens in the form of the cylln- 

55 drical ray bundle, whereby the Bessel beam with the 
thin linear center beam formed with a large intensity 
In the direction of the optical axis is irradiated into the 
sample. This excites the sample only at the position 
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Irradiated by the Bessel beam by the multiphoton ab- 
sorption. Then, the fluorescence emitted based on 
the labeling fluorescent dye in the sample is received 
with high efficiency by the photoelectric detectors 
without a need to use a pinhole. Also, the multiphoton 
absorption in the sample can be made to occur only 
in a very thin portion further doser to the center re- 
gion of the Bessel beam by adjusting the energy den- 
sity of laser beam. Then the fluorescence microscope 
may have a further higher resolution and a longer fo- 
cal depth. 

In addition, the fluorescence emitted from the 
both surfece and back sides of sample is received by 
a plurality of photoelectric detectors and a microscop- 
ic Image is obtained by adding the output signals from 
these photoelectric detectors. This permits the fluor- 
escence to reach the photoelectric detectors with al- 
most no loss. Therefore, a low-power laser can be em- 
ployed, which can reduce a damage on an organism 
sample or another sample. 

Further, the Bessel beam has the linearly formed 
center beam, with which the two-dimensional scan- 
ning is performed Inside the sample. This provides a 
microscopic image In which a three-dimensional Im- 
age of sample is two-dimensionally projected, as in- 
tegration values in the thickness direction. This can 
obviate the three-dimensional scanning inskle the 
sample, which greatly decreases the scanning time of 
optical spot. 

Fig. 7 is a structural drawing to show a second 
embodiment associated with the fluorescence miao- 
scope using the laser scanning optical system of the 
present Invention. The present embodiment Is con- 
structed almost In the same manner as the above first 
embodiment associated with the fluorescence micro- 
scope. However, the present embodiment excludes 
the condenser lens 17, the banier filter 18 and the 
PMT 19a for measuring the fluorescence emitted 
from the back side of sample 1 5. Also, on the reflec- 
tion side of the dichroic mirror 11a there are a collima- 
tor lens 21 and a laminated sensor array 22 arranged 
approximately on a line along the traveling direction 
of fluorescence 16a emitted from the surface side of 
sample 15. The colllmatDr lens 21 is so arranged that 
the rear focus thereof is located at the center of the 
laminated sensor an^y 22. Also, the laminated sensor 
array 22 is so arranged that the center axis in the lam- 
ination directton thereof Is coincident with a linear flu- 
orescent Image of fluorescence 16a. 

Fig. 8 is a perspective view to show the structure 
of the laminated sensor an'ay 22. Fig. 9 is a cross sec- 
tional view of a sensor in the laminated sensor array 
22 along the lamination thickness direction. The lam- 
inated sensor array 22 is composed of numerous pho- 
toelectric sensors concentrically laminated. Each 
photoelectric sensor Is so constructed that a photo- 
electric detecting portion having a p-type Si layer 25 
of flat circular cylinder on an n-type Si layer 24 of cir- 



cular cylinder Is fbnmed on a transparent substrate 
23. Transparent electrodes 27 for outputting signal 
charge are provided through insulating layers of Si02 
layers 26, 28 on the transparent substrate 23 indud- 
5 Ing the photoelectric detecting portion. Metal lines 29 
are connected to the transparent electrodes 27, and 
are exposed to the outside. 

Next described is the operation of the above sec- 
ond embodiment associated with the fluorescence 
10 microscope. 

The present embodiment is operated almost In 
the same manner as the above first embodiment as- 
sociated with the fluorescence microscope. However, 
the fluorescence 16a emitted from the surface side 
15 of sample 15 Is collected by the objective lens 14, 
travels backward In the optical path where the laser 
beam 2 has passed, and is reflected by the dichrok: 
mirror 11a In the direction perpendicular to the optical 
^ axis. After that, It passes through the collimator lens 
20 21 to form an beam spot at the center of the laminated 
sensor array 22. The optical spot produces a thin lin- 
ear fluorescence image near the rear focus of colli- 
mator lens 21 , whteh Is received by the laminated sen- 
sor array 22. The laminated sensor array 22 converts 
25 the fluorescence 16a Into an electric signal by the 
laminated photoelectric sensors and outputs the 
electric signal through the metal lines 29. 

Electric signals output from the photoelectric 
sensors In the sensor array 22 by photoelectric con- 
30 verston in correspondence with the optical intensity 
are stored in parallel as pixel data in a memory in an 
unrepresented Image reading apparatus in synchron- 
izatk>n with the scanning signal of the X-Y scanner 
12. The pixel data Is processed in correspondence 
35 with the scanning signal by ordinary procedure, so 
that microscopic images are simultaneously obtained 
as two-dimensional cross-sectional Inrtages obtained 
by dividing a three-dimensional image of sample 15 
into pieces in the number of photoelectric sensors. 
40 With the above second embodiment associated 
with the fluorescence microscope, the Bessel beam 
having the linearly formed center beam is used to per- 
form the two-dimensional scanning inside the sample 
and the f luorsscence diverging from the sample Is fo- 
45 cused by the collimator lens to form a thin linear opt- 
ical spot in the laminated sensor array to be received 
thereby. By this, a three-dimensional image of the 
sample is obtained as a lot or two-dimensional cross- 
sectional images divided in the direction of the opttoal 
50 axis. This can obviate necessity of three-dimensional 
scanning inside the sample, which greatly reduces 
the scanning time of optical spot 

Fig. 1 0 is a structural drawing to snow a third env 
bodiment associated with the fluorescence micro- 
55 scope using the laser scanning optical system of the 
present invention. The present embodiment is con- 
structed almost in the same manner as the above first 
embodiment assodated with the fluorescence micro- 
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scope. However, the sample 15 is labeled with plural 
types of fluorescent dyes and the fluorescent dyes 
have mutually different fluorescence emission wave- 
lengths. Also, on the reflection side of a dichrolc mir- 
ror 11a there are dichrolc mirrors lib, llcand a PMT 
20a arranged approximately on a line along the trav- 
eling direction of fluorescence 16a emitted from the 
surface side of sample 15. PMTs 20b. 20c are dis- 
posed on the reflectton side of the dichrolc minors 
11 b. 11c. respectively. On the other hand, on the exit 
side of banier filter 1 8 there are dichrolc mirrors 31 b, 
31c and a PMT 19a arranged approximately on a line 
along the traveling direction of fluorescence 16b 
emitted from the back side of sample 15. PMTs 19b, 
1 9c are disposed on the reflection side of the dichrolc 
min-ors 31b, 31c. respectively. 

The dichrolc mirror 11a is so formed as to have a 
large transnnlttance for the oscillation frequency of 
laser beam 2 Incident thereinto from the beam reduc- 
er 9 and a large reflectivity for light components in a 
predetenmined wavelength range including the fluor- 
escence 16a incident thereinto from the X-Y scanner 
1 Z The dichrolc minror 11 b, 1 1 c has a large ref lecth^ity 
for either of mutually different wavelength bands In- 
cluding associated fluorescence components with 
mutually different emission wavelengths present in 
the fluorescence 16a emitted from the dichrolc mirror 
11a. The dichrolc mirror 31b, 31c has a large reflec- 
tivity for either of mutually different wavelength 
bands including associated tight components with 
mutually different emission wavelengths present in 
the fluorescence 16b outgoing from the barrier filter 
18. 

The PMTs 19a-19c. 20a-20c are photoelectric 
detectors such as photomultipllers. The PMT 19b re- 
ceives the fluorescence 16b reflected by the dichrolc 
mirror 31b and photoeiectrically converts it into an 
electric signal corresponding to the optical intensity to 
output the electric signal. The PMT 19c receives the 
fluorescence 16b reflected by the dichrolc mirror 31c 
and photoeiectrically converts it into an electric signal 
corresponding to the optical intensity to output the 
electric signal. The PMT 19a receives the fluores- 
cence 16b passing through the dichrolc mirrors 31b, 
31c and photoeiectrically converts it into an electric 
signal corresponding to the optical intensity to output 
the electric signal. The PMT 20b receives the fluores- 
cence 16a reflected by the dichrolc mirror lib and 
photoeiectrically converts it Into an electric signal cor- 
responding to the optical intensity to output the elec- 
tric signal. The PMT 20c receives the fluorescence 
16a reflected by the dichroic mirror 11c and photo- 
eiectrically converts it into an electric signal corre- 
sponding to the optical intensity to output the electric 
signal. The PMT 20a receives the fluorescence 16a 
passing through the dichrolc mlnrors lib. 11c and 
photoeiectrically converts it into an electric signal cor- 
responding to the optical intensity to output the elec- 



tric signal. 

Next described is the operation of the third em- 
bodiment associated with the fluorescence micro- 
scoce. 

5 The present embodiment is operated almost in 
the same manner as the above first embodiment as- 
sociated with the fluorescence microscope. However, 
the fluorescence 16a emitted from the surface side 
of sample 15 Is collected by the objective lens 14 to 
10 travel backward In the optical path through which the 
laser beam 2 has passed, It Is then reflected by the 
dichroic mirror 11a in the direction perpendicular to 
the optical axis, some light components are reflected 
by the dichroic minors lib, 11c to be received by the 
15 PMTs 20b, 20c respectively, and the other light corrv 
ponents are received by the PMT 20a. 

On the other hand, the fluorescence 16b emitted 
from the back side of sample 15 Is collected by the 
condenser lens 17 to become a beam of parallel rays 
20 traveling in the traveling direction, the beam passes 
through the barrier filter 18, thereafter some light 
components are reflected by the dichroic mirrors 31 b, 
31c to be received by the PMTs 19b, 19c, respective- 
ly, and the other light components are received by the 
25 PMT 19a. 

Added to each other are an electric signal output 
from each PMT 20a-20c after photoelectric conver- 
ston corresponding to the optical intensity of an asso- 
ciated light component in the fluorescence 16a and 
30 an electric signal output from corresponding PMT 
19a-19c after photoelectric conversion correspond- 
ing to the optical intensity of an associated light conv 
ponent In the fluorescence 16b. The electric signals 
as so added are stored as pbcel data in a memory in 
35 an unrepresented image reading apparatus in syn- 
chronization with scanning signals of the X-Y scanner 
12. Processing the pixel data in correspondence with 
the scanning signals based on ordinary procedure, a 
microscopic Image as two-dimensk)nai projectton of 
40 a three-dimensional image of sample 15 is obtained 
for each fluorescence component In the fluorescence 
16a. 16b. i.e.. for each emission wavelength of label- 
ing fluorescent dye in the sample 15. 

In the third embodiment associated with the f lu- 
45 orescence microscope as described above, the sanv 
pie is labeled with plural types of fluorescent dyes 
having mutually different emission wavelengths, and 
light components in the fluorescence diverging from 
the sample are separated from each other by the dh 
50 chroic minors to be received by the photoelectric de- 
tectors. By this anangement, if the two-dimensional 
scanning is once executed inside the sarpple with the 
Bessel beam having the linearly formed center beam, 
a three-dimensional Image of the sample Is formed as 
55 a plurality of microscopic images simultaneously ob- 
tained as two-dimensional projection based on the 
emission wavelengths of the fluorescent dyes. This 
can obviate three-dimensional scanning inside the 
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sample, which can greatly reduce the scanning time 
of the optical spot 

Fig. ills a structural drawing to show an emtxxii- 
ment concerning an optical writing apparatus using 
the laser scanning optical system of the present In- 
vention. In the optical writing apparatus there are an 
optical modulator 32 and a plane mirror 3 arranged 
along the traveling direction of laser beem 2 emitted 
from a laser 1 (light source). Along the traveling direc- 
tion of the laser beam 2 reflected by the plane minor 
3 In the direction perpendicular to the optical axis 
there are an axicon pair (optical converting unit) 6, a 
beam reducer 33 and an X-Y scanner (optical scan- 
ning unit) 12 arranged approximately on a line. Along 
the traveling direction of the laser beam 2 outgoing 
from the X-Y scanner 12 In the direcclon perpendic- 
ular to the optical axis there are an imaging lens 13, 
an aperture stop 35, an objecthre lens 14 (optical con- 
verging unit) and an X-Y stage 36 arranged approxi- 
mately on a line. Input tenninals ofthe optical modu- 
lator 32, the X-Y scanner 12 and the X-Y stage 36 are 
electrically connected to associated output temiinals 
of a control unit 37. A substrate 38 coated with a pho- 
tosensitive agent 39 Is set on the X-Y stage 36. 

The optical modulator 32 is an optical modulator 
for modulating the intensity, the frequency, the phase 
and the plane of polarization of the laser beam 2 in- 
cident thereinto from the laser 1. Particularly, it se- 
lects either one of continuous irradiation and pulse Ir- 
radiation of the laser beam 2 by the intensity modu- 
lation. The beam reducer 33 is composed of a convex 
lens 34a and a concave lens 34b. which reduces the 
outer diameter of the laser beam 2 Incident as a cyl- 
indrical ray bundle 8 thereinto from the axicon pair 6 
so as to make it coincident with the aperture diameter 
of objective lens 14. The convex lens 34a and con- 
cave lens 34b are so arranged that the optical axes 
thereof are coincident with each other. It is also pre- 
ferred that the beam reducer 33 is further composed 
a concave lens arranged between two convex lenses 
34a, 34b as the beam reduser 9 in the region (c) of 
Fig. 13 to variably set the distance between the con- 
vex lens 34a and the concave lens by unrepresented 
moving means of the concave lens. In this anrange- 
ment, the convex lenses 34a, 34b and the concave 
lens respectivelv function as a focus-lag-correctlon 
lens group, a f bced lens group and a zoom lens group. 
Therefore a magnification ratio for the diameter of ray 
bundle of laser beam 2 is continuously changeable or 
zoomed when the postlon of the concave lens is 
changed from the region (b) to the region (c) as shown 
Fig. 13. The aperture stop 35 is an aperture having a 
circular opening, whichlimits the outer diameter of ray 
bundle of the laser beam 2 incident as the cylindrical 
ray bundle 8 thereinto from the imaging lens 13. The 
X-Y stage 36 moves the substrate 38 in a direction 
conjugate with the scanning direction of laser beam 
2 by the X-Y scanner 12. The control unit 37 is a mi- 



crocomputer or the like, which sets optical modula- 
tion of the laser beam 2 through the optical modulator 
32 and which sets scanning speeds and scanning 
timings of X-Y scanner 12 and X-Y stage 36 in syn- 
5 chronization. The substrata 38 is a wafer made of a 
semiconductor material or a chip separated out of the 
wafer, and Is located on the rear Image plane of ob- 
jective lens 14. The photosensitive agent 39 is a pho- 
toresist or the like, which is subjected to exposure 
10 with a high contrast at the position irradiated by the 
laser beam incMent as a Bessel beam thereinto from 
the objective lens 14. 

Next described is the operation ofthe above env 
bodiment concerning the optical writing apparatus. 
IS The laser beam 2 emitted from the laser 1 is opt- 
ically modulated by the opttoal modulator 32 and 
thereafter is reflected by the plane mirror in the direc- 
tion perpendicular to the optical axis. In the axicon 
pair 6 the axicon lenses 7a, 7b change the laser beam 
20 2 outgoing from the plane mirror 3 Into a beam of par- 
allel rays traveling in parallel with the optical axis, 
which is a cylindrical ray bundle 8 having an annular 
cross-sectional intensity perpendicular to the optical 
axis. Here, the diameter of the cylindrical ray bundle 
25 8 shown by the solid lines can be freely and continu- 
ously changed in correspondence with a distance be- 
tween the axicon prisms 7a, 7b and is so set as to co- 
inckle with the aperture diameter of objecth^e lens 14 
under an overall magnification including the pupil im- 
30 aging magnificatkm of imaging lens 13 after the 
beam has passed through the beam reducer 33. 

The beam reducer 33 reduces the diameter of rey 
bundle ofthe laser beam 2 outgoing as the cylindrical 
ray bundle 8 from the axk:on pair 6 into a predeter- 
36 mined value while maintaining the traveling direction 
thereof aligned with the direction of the optical axis. 
On this occasion the annular zone width is simultane- 
ously compressed in the annular cross section per- 
pendicular to the optical axis in the cylindrical ray bun- 
40 die 8. The X-Y scanner 12 makes the laser beam 2 
outgoing from the beam reducer 33 directed in the dl- 
rectksn perpendteuiar to the optical axis and changes 
the traveling direction ofthe beam within a predeter- 
mined angular range to scan in two orthogonal direc- 
ts ttons in a plane. 

The laser beam 2 outgoing from the X-Y scanner 
1 2 is focused by the imaging lens 1 3 to fonm an optical 
spot on the front image plane of objective lens 14. 
The optical spot can be saM as a virtual light source 
50 which can be two-dimenslonally deviated by the X-Y 
scanner 12. For the laser beam 2 outgoing as the cyl- 
indrical ray bundle 6 from the optical spot, the aper- 
ture stop 35 sets the outer diameter of the ray bundle 
to a predetenmined value and thereafter the laser 
55 beam passes only through the peripheral portion of 
objective lens 14 to go out thereof. It Is then Inradiated 
onto the substrate 38 in the form of a Bessel beam as 
an optk^al spot converged up to the diffraction limit 
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The Bessel beam has a diffraction beam intensity 
distribution composed of a very thin iinear center 
beam having a large intensity in the direction of the 
optical axis and numerous concentric cylindrical high- 
er-order diffraction beams present around the center 
beam. 

Scanning speeds and scanning timings In syn- 
chronization with each other are set for the X-Y scan- 
ner 1 2 and X-Y stage 36 based on a control signal out- 
put from the control unit 38. Then the two-dimension- 
al scanning, for example the raster scanning, with the 
Bessel beam is carried out on the surface of substrate 
38 through the X-Y scanner 12 and X-Y stage 36. On 
the photosensitive agent 39 exposure is effected only 
In a portion irradiated by the Bessel beam having an 
optical intensity portion exceeding a certain thresh- 
old. Accordingly, various patterns of integrated cir- 
cuits Input in the control unit 37 can be printed on the 
photosenslthfe agent 39 on the surface of substrate 
38. 

In such an embodiment of optical writing appara- 
tus as described above, the laser beam passes as the 
cylindrical ray bundle only through the peripheral por- 
tion of objecth^e lens, whereby the Bessel beam with 
the thin linear center beam formed to have a large in- 
tensity in the direction of the optical axis is Irradiated 
onto the surface of substrate. Thus, the Bessel beam 
has a long focal depth, so that exposure can be effect- 
ed on the photosensitive agent on the substrate irres- 
pective of unevenness of the substrate surface. This 
can obviate precise alignment of the position of opti- 
cal spot of the laser beam with the photosensitive 
agent improving the efficiency of operation. 

The Bessel beam Includes the concentric cylin- 
drical peripheral beams around the iinear center 
beam, but they will cause no problem if writing light 
for the photosensitive agent having a high contrast 
has only two types of levels of on/off. Thus, the Bes- 
sel beam has a high resolution and therefors, with ex- 
posure of a pattern of integrated circuits on the pho- 
tosensitive agent on the substrate, the degree of in- 
tegration can be increased for the Integrated circuits 
formed based on this pattern. 

Fig. 1 2 is a structural drawing to show an embodi- 
ment associated with a laser repair apparatus using 
the laser scanning optical system of the present in- 
vention. The present embodiment is constructed al- 
most in the same manner as the above embodiment 
associated with the optical writing apparatus. How- 
ever, an IC (Integrated Circuits) chip 42 is set instead 
of the substrata 38 on the X-Y stage 36. Also, an an- 
gular deflection prism 40 Is arranged to be interposed 
by unrepresented moving means in the optical path 
between the imaging lens 13 and the objective lens 
14. In this case, an eyepiece 41 Is set along a direc- 
tion in which a reflection beam from the IC chip 42 is 
outgoing through the objective lens 14 and the aper- 
ture stop 35 from the deflection prism 40. 



The deflection prism 40 has a total reflection sur- 
facB for angular deflection In the direction of 30** or 
45^ with respect to the optical axis, which reflects 
light incident thereinto from the IC chip 42 through the 

5 objective lens 14 and the aperture stop 35. The eye- 
piece 41 converges the light Incident thereinto from 
the deflection prism 40 in focus. The IC chip 42 in- 
cludes integrated circuits on the surface region and 
is located on the rear Image plane of objective lens 

10 14. The Integrated circuits in the IC chip 42 Include a 
local defect having been made during fabrication or 
having occunred in operation. 

Next described is the operation of the above em- 
bodiment associated with the laser repair apparatus. 

IS The present embodiment Is operated almost In 
the same manner as the above embodiment associ- 
ated with the optical writing apparatus. However, the 
outgoing laser beam 2 having passed only through 
the peripheral portion of objective lens 14 is Irradiated 

20 onto the IC chip 42 in the form of a Bessel beam as 
an optical spot converged up to the diffraction limit 
The IC chip 42 is etched only in a portion irradiated 
by the Bessel beam having an optical Intensity por- 
tion exceeding a predetenmined threshold. Then the 

25 integrated circuits formed in the IC chip 42 are re- 
paired matching with the various patterns of integrat- 
ed circuits input In the control unit 37. 

In such an embodiment associated with the laser 
repair apparatus as described above, the laser beam 

30 passes as the cylindrical ray bundle only through the 
peripheral portion of objective lens, whereby the Bes- 
sel beam with a thin linear center beam formed with 
a large intensity in the direction of the optical axis is 
irradiated onto the surface of substrate. Thus, the 

35 Bessel beam has a long focal depth, so that the Inte- 
grated circuits In the surfece region of IC chip can be 
etched free of influence of unevenness of the inte- 
grated circuits themselves. This can obviate precise 
alignment of the optical spot of laser beam with re- 

40 spectto the substrate of laserbeam, Improving theef- 
flciency of operation. 

The Bessel beam includes the concentric cylin- 
drical peripheral beams around the iinear center 
beam, but the energy of the peripheral beams can be 

45 reduced relative to the center beam by adjustment of 
laser power. The Bessel beam thus has a high reso- 
lution, so that a structurally fine defect having occur- 
red in the integrated circuits can be repaired. 

The present invention Is by no means limited to 

50 the above specific embodiments, but can have vart- 
ous modifications. 

For example, the above embodiments associat- 
ed with the fluorescence microscope were so ar- 
ranged that the dichroic mirror was located in the opt- 

55 leal path between the beam compressor and the X-Y 
scanner. However, the dichroic mirror can be set at 
any position as long as it is in the optical path be- 
tween the laser and the X-Y scanner, obtaining the 

13 



25 



EP 0627 643 A2 



26 



same operational effect as the above embodiments. 

Also, the above third embodiment associated 
with the fluorescence microscope employed three dl- 
chroic mirrors. However, any other number than 
three, of dichroic minrors may be set as long as the 
number of dichroic mirrors corresponds to the number 
of types of fluorescent dyes applied to the sample, ob- 
taining the same operatlonal effect as In the above 
embodiments. 

As detailed above, the optical converting unit is 
composed of two axicon prisms in the laser scanning 
optical system of the present Invention. These axicon 
prisms are so arranged that the apexes thereof are 
opposed forward or badcward to each other at a pre- 
detenmined distance and the optical axes thereof are 
coincident with each other, and are made of respec- 
tive materials having a same index of refraction and 
shaped with a same apical angle. By this, the laser 
beam incident as a beam of parallel rays Into the opt- 
ical converting unit has an annular cross-sectional in- 
tensity perpendicular to the optical axis and becomes 
a cyiindricat ray bundle as a beam of parallel rays trav- 
eling in the direction parallel to the optical axis. There- 
fore, the laser beam outgoing from the optical con- 
verting unit Is changed in the traveling direction by the 
optical scanning unit to be scanned and Is then con- 
verged by the optical converging unit to become a 
Bessel beam. 

Accordingly, the cylindrical ray bundle Is formed 
without a loss in intensity of laser beam, so that the 
Invention can provide a laser scanning optical system 
which can perform scanning of the Bessel beam hav- 
ing a high energy utilization factor, a high resolution 
and a long focal depth. 

On the other hand, the laser scanning optical ap- 
paratus of the present invention is so arranged that a 
laser beam emitted from the light source is irradiated 
onto a certain sample through the laser scanning opt- 
ical system of the present invention. By this, the sanv- 
ple is scanned with the Bessel beam having a high en- 
ergy density, a high resolution and a long focal depth. 

Here, in the case that the light source oscillates 
a laser beam of very short time duration pulse, that 
the sample is labeled with a predetermined fluores- 
cent dye, and that the apparatus is further equipped 
with an optical detecting unit for detecting fluores- 
cence emitted from the sample based on the multi- 
photon absorption with Irradiation of the Bessel 
beam, the fluorescence appears only from a position 
irradiated by the center beam In the Bessel beam 
based on power adjustment of laser beam, which can 
prevent false signals from being produced by the 
higher-order diffraction beams in the Bessel beam. 
This can improve a resolution of a microscopic image 
of the sample as obtained by storing output signals 
from the optical detecting unit as pixel data In syn- 
chronization with scanning of laser beam. Also, based 
on two-dimensional scanning of the Bessel beam, a 



microscopic Image as two-dimensional projection of 
a three-dimensional in^ge of the sample Is obtained 
as integral values in the thickness direction, which re- 
quires no three-dimensional scanning inside the sano- 

5 pie and greatly reduces the scanning time of optical 
spot as compared with the conventional apparatus. In 
the case that the optical detecting unit is composed 
of first and second photoelectric detectors for detect- 
ing fluorescence emitted from the surface side and 

10 from the back side, respectively, of the sample, the 
fluorescence emitted from the sample reaches the 
photoelectric detectors with almost no loss, which can 
enhance the contrast in the microscopic image pro- 
duced based on addition of output signals from the 

15 photoelectric detectors. Therefore, a low-power laser 
can be used as a light source for emitting the laser 
beam, which can reduce a damage on an organism 
sample or another sample. 

In the case that the surface of sample Is coated 

20 with a predetermined photosensitive agent and that a 
predetermined pattern is formed on the photosensi- 
tive agent based on exposure with inradiation of the 
Bessel beam, exposure on the photosensitive agent 
on the substrate is effected free of Influence of.un- 

25 evenness of substrate surface with the Bessel beam 
having a long focal depth, which obviates precise 
alignment of the position of optical spot of laser beam 
with respect to the photosensitive agent. Improving 
the efficiency of operatfon. When a pattern of Inte- 

30 grated circuits Is printed on the photosensitive agent 
on the substrate with the Bessel beam having a high 
resolution, the degree of integration can be Increased 
for the Integrated circuits formed based on the pat- 
tern. 

35 Further, In the case that the surfoce of sample is 
exposed to the outside and that the sur^ce region of 
sample Is shaped in a predetermined shape based on 
excitation with irradiation of the Bessel beam, the sur- 
face regfon of substrate can be etched free of the In- 

40 fluence of unevenness of Itself by the Bessel beam 
having a long focal depth, which can obviate precise 
alignment of the position of optical spot of laser beam 
with respect to the substrate, improving the efficiency 
of operation, if the sample Is an IC chip having Inta- 

45 grated circuits in the surface region, a structurally 
fine defect occurring in the integrated circuits can be 
repaired with the Bessel beam having a high resolu- 
tion. 

Accordingly, perfonfning scanning of the Bessel 
50 beam having a high energy utilizatton foctor, a high re- 
solution and a long focal depth, the invention can pro- 
vide a laser scanning optical system as used as a flu- 
orescence microscope, an optical writing apparatus, 
an integrated circuit repair apparatus, etc. 

55 
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Claims 

1 A laser scanning optical systam confiprising: 

an optical converting unitfor shaping a las- 
er beam Incident thereinto as a beam of parallel 
rays into a cylindrical ray bundle thereof; 

an optical scanning unit for changing a 
traveling direction of said laser beam Incident 
from said optical converting unit thereinto to 
scan; and 

an optical converging unit for converging 
said laser beam incident from said optical scan- 
ning unit thereinto to produce a Bessel beam; 

wherein said optical converting unit is 
composed of two axicon prisms which are ar- 
ranged such that apexes thereof are opposed for- 
ward or backward to each other at a predeter- 
mined distance and optical axes thereof are co- 
incident with each other and which are made of 
respecth^e materials having a same refractive in- 
dex and shaped with a same apical angle. 

2. A laser scanning optical system according to 
Claim 1, wherein said optical converting unit fur- 
ther has moving means for variably setting a dis- 
tance between said two axloon prisms. 

3. A laser scanning optical system according to 
Claim 1 , further comprising a beam expander dis- 
posed either on the entrance side or on the exit 
side of said optical converting unit, for expanding 
a diameter of the ray bundle of said laser beam. 

4. A laser scanning optical system according to 
Claim 1, further comprising a beam reducer dis- 
posed either on the entrance side or on the exit 
side of said optical converting unit for reducing 
a diameter of the ray bundle of said laser beam. 

5. A laser scanning optical apparatus comprising: 

a light source for emitting a laser beam; 

an optical converting unit for shaping said 
laser beam incident from said light source there- 
into as a beam of parallel rays into a cylindrical 
ray bundle thereof; 

an optical scanning unit for changing a 
traveling direction of said laser beam incident 
from said optical converting unit thereinto to 
scan; and 

an optical converging unit for converging 
said laser beam incident from said optical scan- 
ning unit thereinto to irradiate a Bessel beam onto 
a predetermined sample; 

wherein said optical converting unit Is 
composed of two axicon prisms which are ar- 
ranged such that apexes thereof are opposed for- 
ward or backward to each other at a predeter- 
mined distance and optical axes thereof are co- 



incident with each other and which are made of 
respecUve materials having a same ref racth^e In- 
dex and shaped with a same apical angle. 

5 6. A laser scanning optical apparatus according to 
Claim 5, wherein said optical converting unit fur- 
ther has moving means for variably setting a dis- 
tance between said two axicon prisms. 

10 7. A laser scanning optical apparatus according to 
Claim 5, further comprising a beam expander dis- 
posed either on the entrance side or on the exit 
skJe of said optical converting unit, for expanding 
a diameter of the ray bundle of saki laser beam. 

15 

8. A laser scanning optical apparatus according to 
Claim 5, further comprising a beam reducer dis- 
posed either on the entrance side or on the exit 
skie of said optical converting unit, for reducing 

20 a diameter of the ray bundle of saki laser beam. 

9. A laser scanning optical apparatus according to 
Claim 5, wherein said light source oscillates said 
laser beam as a pulse having a very short time 

25 duration, said sample is labeled with a predeter- 
mined fluorescent dye, the apparatus further 
comprises an optical detecting unit for detecting 
fluorescence emitted from said sample based on 
multiphoton absorption with irradiation of sakJ 
30 Bessel beam, and output signals from said opti- 
cal detecting unit are stored as pixel data In syn- 
chronization with scanning of said laser beam to 
obtain a microscopic image of said sample. 

35 10. A laser scanning optical apparatus according to 
Claim 5, wherein a surface of said sample is coat- 
ed with a predetermined photosensith^e agent 
and a predetenfnlned pattern is formed on said 
photosensitive agent, based on exposure with ir- 

40 radiatton of saki Bessel beam. 

11. A laser scanning optical apparatus according to 
Claim 5, wherein a surges of said sample is ex- 
posed to the outside and a surface region of said 

43 sample is shaped into a predetenmined shape, 
based on excitatton with inradiatton of said Bessel 
beam. 

12. A laser scanning optical apparatus according to 
50 Claim 9, wherein said optical detecting unit com- 
prises a f irst photoelectric detector for detecting 
said fluorescence emitted from a surface side of 
said sample and a second photoelectric detector 
for detecting saki fluorescence emitted from a 

55 back side of saki sample and wherein said micro- 
scopic image Is produced based on addition of 
output signals from said first and second photo- 
electric detectors. 
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13. An optical converting unit for use in a laser optical 
system, the unit comprising two axicon prisms 
having the same apical angle and anranged with 
their optical axes coincident and their apexes fac- 
ing in opposite directions. 
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